Introduction
Few millimeter geodetic baseline precision has a broad range of scientific applications, including monitoring strain rates between and within tectonic plates, studying volcanic uplift, and detecting co-and post-seismic net displacements in earthquake fault zones. The CASA UNO experiment offered a unique opportunity to test estimation techniques aimed at achieving such high-precision results, due to the large number of co-monitoring stations with uniform receiver and antenna t)T}es. A key requirement for achieving high baseline precision for regional networks is the accurate determination of the GPS satellite orbits. Currently, there are several successful approaches to precise orbit determination based on the fiducial approach, most notably: (1) multi-day arc simultaneous adjustment of all estimated parameters [Dong and Bock, 1989 ; Lichten and Bertiger, 1989 ], (2) multi-day are adjustment where tracking sites are first used to solve for the GPS orbits, followed by a network adjustment of non-tracking sites (i,e., the fixed orbit approach) [Lichten, Bertiger, and Lindqwister, 1989] , and (3) single-day arc simultaneous adjustment with carder phase ambiguity resolution [Blewitt, !989; Dong and Bock, 1989] . Moreover, combinations of the strategies can be used, e.g. multi-day simultaneous solutions with bias fixing. This paper investigates the third strategy with the addition of imposing weak a priori constraints on the GPS orbital parameters. The a priori information is obtained from an iterated, 3 week fit to the broadcast ephemeris data, and is t,•mfore independent of the GPS solution set. GPS orbits from weakly constrained and unconstrained solutions are compared to multi-day arc orbits. It is shown that the weakly constrained orbit solutions agree better than the unconstrained solutions with the multi-day results and also show improved baseline repeatabilities. The constrained approach has been widely explored in studies by Beutler and coworkers [Beufier et al., 1987] , where orbit constraints are necessary in place of lacking or weak fiducial information. In contrast, our solutions are based on the fiducial reference network (collocated with VLBI) and the constrained orbits simply represent a small but significant enhancement of our solution strategy. The following section discusses the constrained orbit approach, bias fixing, and the choice of fiducial sites. The above strategy with weak orbit constraints has yielded few mm-level horizontal and 10-20 mm vertical daily repeatabilities for baselines, ranging from 245 to 729 km in length. In addition, 10-20 mm agreement with VLBI was also obtained for most baseline components. The subsequent section discusses simultaneous multi-day data arc solutions, the most precise GPS orbit strategy. The results are consistent with the constrained single-day solutions. The concluding section summarizes our results and discusses utilizing nominal orbits for regional GPS estimation strategies.
Techniques and Results for Single-Day Estimation
The single-day arc results discussed below were based on • difficult to draw definite conclusions from a statistical sample provided by only five station days. However, we find that by correlating the baseline repeatability results with a study of orbit accuracies, the case for using weak a priori constraints becomes more convincing.
•The Standard Estimation Strategy
The GPS measurements from all sites above were obtained from TI-4100 receivers, with approximately 1.5 meter pseudorange and 1.0 centimeter carrier phase measurement accuracy. The data errors are attributed to multipath and system noise. corresponding to about 6 cm delay variation in 24 hours [Lichten and Bertiger, 1989 ]. The receiver and GPS satellite clocks were estimated as white process noise, i.e. uncorrelated between measurement epochs. The remaining parameters were estimated as constant parameters for the single-day arc solutions. The a priori parameter sigmas are listed in Table 1 . In order to improve the single-day GPS orbit solutions, carder phase integer biases were resolved. The ambiguity [Lichten and Bertiger, 1989 ]. We have found that our nominfl GPS orbits based on 3 week integrated fits to the broadcast ephemeris, when compared with the multi-day arc solutions, proved to be accurate to ~ 20 meters with accuracy of about ! 0-7 cm/s2 for nominal solar radiation pressure coefficients. The broadcast ephemeris is independent of the GPS measurements we used in parameter estimation. In taking advantage of the information in the nominal satellite trajectory, we used fairly conservative a priori sigmas (Table 1) 
Results From Multi-day Arc Solutions
The multi-day arc strategy followed the one applied successfully to other experiments as described in Lichten and Bertiger (1989) . All the single-day arc data and the sarne fiducials were used for the multi-day arcs plus data from four sites in South America and two sites in Europe. In the factorized Kalman filter stochastic zenith tropospheric delays and stochastic GPS solar radiation coefficients were estimated. Our results indicate that few millimeter-level precision may be achievable in horizontal components of baselines up to 700 hundred km in length, using either constrained single-day solutions or multi-day arc computations, despite the handica• of a limited constellation of GPS satellites and receivers with only four satellite channels. For the multi-day arcs the orbital state is better determined due to the repeated revolutions of the satellites. The use of a priori information to initially constrain the orbit covariances consistently improves solutions with weak observability, such as those from single-day arcs. The latter strategy is valid provided the applied constraints have not been determined from the same data set used for estimation.
Although the nominal orbit used for this study was based on broadcasi ephemeris data, the conclusions should apply m nominal orbits produced by reduction of several days of GP$ data taken from global tracking sites, e.g. Swift, 1985 . This is especially pertinent, since the broadcast ephemeris will be significantly degraded by "selective availability" in the near future. Consequently, a practical scenario for future regional GPS analysis may involve the timely dissemination of precise ephemeris tables by a dedicated analysis group, which could be used in a similar fashion as the broadcast ephemeris data for producing a nominal orbit. Subsequently, the orbit, with a priori constraints, would be adjusted on a day by day basis using data from a user's regional network plus a tlu'ee station, continental scale fiduciaI network which encompasses the region. The considerable savings in computational time and disk space makes this option attractive for users who do not wish to be burdened with the task of reducing many days of data from a worldwide set of GPS tracking stations.
